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A bstr a ct.
In the Nobi Plain, tem per atu reprofile sw e re m eas u r ed in 41obs e rv atio n wellsin 1993and 1994.
T her9 are m anyte mper atu r ein v ersio n sin the verticaltem per atu r eprofiles ofr echarge are a. h the
Nobi Plain, an n u al m ea n su rface te mpe r atur eincreas es abo ut2℃ duringlast10 ye ars, a nd itis
a ss u m ed that this s u rfa ce war m l ng Cause sSubs urfa c ete mpe ratu r ein v e rsio ns. A thr e e-dim e n sio nal
n u m eric al m odel of heat tran sfe rin the Nobi Plain is u s edtoinve stlgate theinflu e n c e of sllrface
te mper atu r e w a rm 1 ng O utside the dis charge ar e a, w he r ein versions are evide ntin the m e as u red
te mpe rattlr eProfile s. Sim ulated results show that subsu rface te mpe rattユrein versions arefo rmed･in
re charge ar ea at depth betw e e n5 0m 1 30m belo w s eale v el, bec a u se ubs u rfac ete mpe ratu r eha s
been co oled withthe advectiv ehe attransfe rbythe do w nw a rdgr o u ndⅥ;ate r瓜o wfr o mthe sllrfa c e.
On the othe rha nd, sh allow s ubsurfac ete mperatu resinthe cente rpartof the plain ha v ebe e nhe ated
m or e by upw ard reg1 0nalgr o u ndw ater flow than by the effe ct of s urfa c e w a r m lng, S O that
te mpe r at urein versio n s ar e n ot obs er ved.
1. Introduction
ln the Nobi Plain
,
te mperatu re profile sw ere me a su r ed in 41ob岳er vatio n w ellsin 1993and 1994･
T he re are m anyte mpe r atur einv ersio n sin vertic alte mpe rattlreProfile s ofthe recharge area･ Inthe
Nobi Plain
,
a n n ual m ean s u rface te mpe r atu rein cr e as e s about2℃ du ringlast100ye ar s, a nd itis
ass um edthat th is su rfa c e wa rm 1ng Ca u se s S ubsu rface te mperatureinversio n s. T he effects ofpast
clim atic changes orlthe subsurface temperatu re shavebe en rec ogniz ed fo r alo ngtim eP･a ne, 1923
and Birch
,
1948]. The m o str ec ent m ajor clim atic change,the rapidw a r ming of 1880- 1940 A･D. ,
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ha s c au s ed a tem peratureinversio nin m any parts of North Am eric a, Eu r ope a nd Australia, at a
depth of 50to loom [Ce rm ak, 1971aTld Jossep, 1990]. T her e are s e v e ral studie s dealing
individually withthe effect ofgroundw ate rflow and s urfa c e w arm i ng O nthe s ubs u rfa c ethe rmal
r egim e but there ar efe w studiesin cluding both effe cts e.g. ,[Kukkorlen and Clau s e r, 1994]. T he
purpo se ofthis studyis to evalu ate the effe cts of grou ndw ate rflo w a nd su rfa c etempe rature
w a rmlrlg On Subs u rface te mperatu r efield in the Nobi Plain u singfieldobs e r v ation a nd three-
dim en sio naln u mericalm odel.
2･ StudyAr e aDe s c rlptlO n
T he Nobi Plain is about 1300 km
2
in
ar e a･ To the westitis adja c e nt to an
allu vial fa n at the fo ot ofthe Yor°
m o u ntain s(Figu re1), River terra ce s
n e arthe O w arihills ie to the east
,
a nd
P ale oz oic bas e ment rock cr ops otlin
m ou ntains to the nor血 T he lse Bay
bo rder sthe plain to the s outh. Nobi
Plain is a s edim e nta ry basin tilted
w e stw ard and is c ornpo s ed of s and,
gr a vel･ s andy- clay a nd clay depo sited
d ming the Plioc e ne and Pleistoc e ne.
T he m ain aquife rs ar ethre elaye rs of
gra v el whichare c o mpo sed of riv erbed
gra v el deposited dtlring glacial
adv a n c e s･ Confining laye rs are
co mpo sed of sandy-clay and clay
deposited du ringInte r-glacialstages･
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Figu r e1. Study a rea a ndobs e rv atio TI Wells.
A large am oun t ofgrou ndw ater w as u s ed forindustry a nd agn c ulturein the Nobi Plainfr o mthe
195 0'stothe1970's
･
c a uslngde cline sinhe ada nd la nd subside nce ･ In 1 973, d aily pu rnplng Pe aked
at3･8 million m
3
I w he n c o ntrolof withdr a wal bega nin1972, he ads r e cov e red a nds ubside n ce w a s
gr adu ally redu c ed . In the Nobi Plain･ an n u al m ea n s u rfa c ete mpe ratu r ein c re a s e s abo ut2℃ du ring
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last100years･ An n u al m e a n s u rfa c ete mpe ratu reha sraised fr o m14℃ to 16℃ in the no rthpart of
theplain, and fr om 14･5℃ to16･5℃ in the s o uthpartoftheplain around Nagoya, r e spe ctiv ely･
3. Field O bs e r vation s
Figu re2 show sthe vertic al
distribution or hydr a ulic
he adsin a c ross s e ctio nA -
A
' in Figu r e1. Figure 2
show s the effe cts of
pu mping O n r eg10nal
gr o u ndw ate r no w ･ The
effects of pu mplng are
e vide nt at100m to 200m
belo w the s urfa c ein the
c e ntral part ofthe plain,
where m a ny supply w ells
are conce ntrated a nd a
co n e of depr e ssio n still
e xists. In th is ar e a, the
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Figu re2. Vertic al distri butio n of hydratlliche adsin a cr o s s e ction
alongA- A
'
lo we sthydr a uliche ad is abo ut -7m a ndgr o u ndw ater刑o w sto w ard the c o ne of
depres sion. T he regi o n algr o undw ate rflo w syste mis re charged inthe northem pa rt oftheplain a nd
dis cha rge sto w a rd ls eBay.
Figure3 show s the v ertical distributio n of subsu rfa c ete mper atu rein the sam e cr oss s e ction as
Figure 2･ In thisfigu re s, w e u sedthe a n n u al stable tem peratu re below the isother mal layer. In
ge neral, the effe ct ofseas o nal flu ctu atio n s of s u rfa c ete mpe r atu r e e xtendsto afe wte n sof m ete rs･
Wedefin edtheis other m al laye r at the depth whe r etheinflue nce ofsurfac etemper atu r echa ngeis
alm o st not rec ogniz ed or the subsu rface te mper atu reflu ctuationisless than 0.1℃ . T he a v erage
geothe r malgradie ntin the abse n c e ofgro undw aterflo winJapanis abo ut0.03℃/m . Itis cle arthat
ther eis a marked differ en ceinthe stlbs u rfa ce the rm al distributionfro m northto s outhin Figu re3･
In the s o uth, s ubsu rface te mper at ure a nd tem peratu regradie nt arehigh be c a use of upw ard
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gro undwater no w in the
discharge are a. While in
the north, subsu rface
te甲pe rature a nd gradie nt
are relativ elylo w be c au s e
of do wnw ard no win the
re charge area, m oreove r,
the isothe r m al lin es of
15℃ and 17℃ ar e
fo rm ed te mperahre
in version 也at is
m a nife sted as a minim tlm
temper ature or in v ers e
temper atu regr adientin the
s ubsu rfa c e sh allo wlayer･
4. Sim ulatio nModel
W e carried o ut n u merical
sim ulations u slng a thr e e-
dim en sio m al m odel with
gro1ndw ate r丑o w and heat
tr a n sfe rin the Nobi Plain
toin v e stigatetheinflu enc e
of su rfac e temperatur e
w ar mlng. As fo r
gro u ndw ate r 包ow m odel,
the am o u nt ofpu mplng lS
e stim ated from the
published data by
m tl nicIPality. As for he at
tra n sfer m odel
, s urfac e
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Figure3･ Vertical distri butio n ofsubs u rfac etemper atu r ein a cr oss
se ction alo ngA- A
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Figure4･ Sim ulatedv e rtical distribution ofhydr auliche adsin a
cross se cdo n alongA
- A'in 1990.
te mpe ratureis a s umedto bein cre asingline arlyata r ate of 0.02℃/yea rfrom 1 4℃
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A
-
Figu re 4 sho ws the
sim ulated vertical
distri bution of hydr aulic
be ad in a cr o s s se ctio n
lalongA
- A
'in 1990･ The r e
are am a ny pu mplng W ells
in the c e nter part of the
plain, the refo r e, iTldu c ed
recharge o wlng tO
pu mpl ng OC C u rfro m w ells
1 to w eus 37. Figu re 5
sho w s the sim ulated
v ertical distributio n of
s ubsu rfa c ete mper atu rein
a c ross s e ctio n alorlg A- A
'
in 1990. As a re s11t of
sim ulation, s ubs u rfa c e
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Figu r e5. Sim ulated v e rtical distrbutio n ofs ubs u rfa cetemper ature
in a cro s s se ction alo ngA- A
'in1990.
A■
te mpe r atu r esin shallo wlaye r are affected by changes ofs u rfac ete mpe ratu r e a ndpu rnpl ng. h the
re charge ar e a, w e c ansim ulatete mpe r atu r ein v ersio n sanywher e atthedepthbetw een50rn
- 130m
belo w the s e ale v el
, be cause subs u rfa c ete mperatu re ha sbee n c o oled with the adve ctive he at
tr an sferbythe do w n w a rd grotlndw ate r且o wfr om the su rfac e. On the otherha nd,in thedischarge
a re a, w e c an n otr e c ogni z ete mperatu rein versio n sbecau s e s ubsu rfa c ete mperatu re has be en heated
m o r ebyregio nalgr o u ndw at erflo wtha nbythe effe ctofsu rface war m i ng Or the depthof in v e rsio n
hasbe en shifted withinthe s u rfa c elayer of 30m bythe upw a rdgro u ndw ater flow , wher e sea so nal
nu ctu atio n ofsubsu rfacetemperature c onc ealsthein v e rsio n.
5
. Co n clusio n s
h this pape r, w e havepr es e nted athre e-dim e nsional data s etc o n siting of head andte mpe ratu re
m e as ure m entsin 41obs erv atio n w ellsfinished at depth upto 300m eters below seale vel il the
Nobi Plain･ T he s ubsu rfac ethe r malreglm e W e re a n alyz ed bythefield data a nd compa red wi the
sim ulatio n res ult of m a也e m atical m odles. T he con clu sio n sa resu m m ariz ed asfollow s:
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(1) As a r es ult of sim ula土io n which include the effect ofsu rfa c ete mper ature warming, subs urfac e
te mperattlre Sin sh allo wlaye rare affe ctedbycha nge sofsurface te mper atu re andpu mp
lng･ In
the re charge area, w ec an sim ulate te mperattlrein v e rsions anywhere at thedepth betw e e n50m
-
130m belo w the sealevel, be ca use substlrface te mper ature has be en c o oled withthe advectiv e
heattr ansferbythedow nwa rdgro undw aterflow fr o mthe su rface･
(2)In the dis charge ar ea, w e ca n n ot re cognize te mpe rature in versio n s be c a u se s ubstlrface
tempe r atu rehasbee nhe ated m oreby r eglO nalgro undw ate rflo w than by the effe ct of su rfa ce
w arm lng Or the depth of in v ersio nha sbee n shifted within the s u rfac elayer of 30m bythe
upw ard gr oundw aterflo w, w he re s eas onal fluctu atio n of s ubsu rfac ete mpera tu re c o n c eals the
l n V er S1 0n .
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